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NOTICE 

The invent ion disclosed i n  t h i s  document r e s u l t e d  from 

research i n  ae ronau t i ca l  and space a c t i v i t i e s  performed under 

programs of t h e  National Aeronautics and Space Administration. 

The invent ion i s  owned by NASA and i s ,  t h e r e f o r e ,  a v a i l a b l e  

f o r  l i c e n s i n g  i n  accordance with the  NASA Pa ten t  Licensing 

Regulation (14  Code of Federal Regulations 1245.2). 

To encourage commercial u t i l i z a t i o n  of NASA-owned inven- 

t i o n s ,  i t  i s  NASA po l i cy  t o  g r a n t  l i c e n s e s  t o  commercial 

concerns. Although NASA encourages nonexclusive l i c e n s i n g  

t o  promote competit ion and achieve t h e  widest  p o s s i b l e  u t i l i -  

z a t i o n ,  NASA w i l l  consider  t h e  g ran t ing  of a l i m i t e d  exc lus ive  

l i c e n s e ,  pursuant  t o  the  NASA Pa ten t  Licensing Regulat ions,  

when such a l icense w i l l  provide the  necessary incen t ive  t o  

t h e  l i c e n s e e  t o  achieve ea r ly  p r a c t i c a l  app l i ca t ion  t o  the  

invent ion.  

Address i n q u i r i e s  and all a p p l i c a t i o n s  f o r  l icense f o r  

t h i s  invent ion t o  NASA Patent Counsel, Ames Research Center ,  

Mail Code 200-llA, Moffet t  F i e l d ,  C a l i f o r n i a ,  94035. Approved 

NASA forms f o r  app l i ca t ion  for  nonexclusive o r  exc lus ive  

l i c e n s e  a r e  a v a i l a b l e  from t h e  above address.  
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NASA CASE NO. ARC-11652-1 

CERAMIC HONEYCOMB STRUCTURES AND THE METHOD THEREOF 

Invention Abstract 

The subject invention pertains to a method of producing an 
improved composite-composite honeycomb structure for aircraft 
or aerospace use. 
relates to a method for the production of a lightweight 
ceramic-ceramic composite honeycomb structure, which method 
comprises: 

pyrolyzing a loosely woven faridbinder having a 
honeycomb shape and having a high char yield and geometric 
integrity after pyrolysis at between about 700 and 1,100 C; 

substantially evenly depositing at least one layer 
of ceramic material'on the pyrolyzed fabric/binder of step 
(a) ; 

recovering the coated ceramic honeycomb structure; 
removing the pyrolyzed fabric/binder of the 

structure of step (c) by slow pyrolysis at between about 700 
and 1000 C in between about a 2 to 5% by volume oxygen 
atmosphere for between about 0.5 and 5 hr.; and 

substantially evenly depositing on and within the * 

rigid hollow honeycomb structure at least one additional 
layer of the same or a different ceramic material by chemical 
vapor deposition and chemical vapor infiltration. The 
honeycomb shaped ceramic articles have enhanced physical 
properties and are useful in aircraft and aerospace uses. 

Specifically, the subject invention 

a) 

b) 

c) 
d) 

e) 

I"T0Rs: 

EMPLOYERS: 

I 

Dr. Salvatore R. Riccitiello 
Dr. Domenick E. Cagliostro 

NASA-Ames Research Center 
NASA-Ames Research Center 
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CERAMIC HONEYCOMB 
STRUCTURES AND METHOD THEREOF 

BACKGROUND OF THE INVENTION 

ORIGIN OF THE INVENTION 

The invention described herein was made by employees o f  the 

United States Government and may be manufactured and used by o r  

for the government fo r  governmental purposes without payment o f  any 

royalties thereon o r  therefor. 

FIELD OF THE INVENTION 

The present invention relates to  a method of producing an 

improved composite-composite s t ructure for  a i rcraf t  o r  aerospace use. 

The method and articles produced thereby general ly involve 

pyro lyz ing a loosely woven organic o r  inorganic fabr ic /b inder  in the 

shape of a honeycomb, depositing a ceramic material onto the 

carbonized fabric, optional ly removing the pyrolyzed organic fabr ic 

and depositing the same o r  a d i f fe ren t  ceramic material onto and 

wi th in  the hollow honeycomb structure.  

DESCRIPTION OF THE PRIOR ART 

In the  present art ,  polymeric, metallic and ceramic s t ructures 

have been produced at  low temperatures or in situations wherein 

weight requirements are not of concern. Structures hav ing intr icate 

designs, such as honeycomb structures, have no t  been described. 

In U.S. Patent No. 4,488,920, L.J. Danis discloses a process o f  

making a large scale ceramic heat exchanger by separately forming 

grooved components and bonding these components together by chemi- 

cal vapor deposition. 

In U.S. Patent No. 4,515,860, R.A. Holzl discloses a method for 

coating carbon bodies to protect them a t  elevated temperatures. 

In U.S. Patent NO. 4,476,178, R.D. Vel t r i  e t  al., disclose a 

mult i layered coating system for the  protection o f  carbon-carbon com- 

posites. Silicon carbide is dif fused onto a carbon substrate which 

successfully protects the carbon-carbon materials from oxidation a t  
temperatures up to 2,5OO0F and higher.  These references individual- 

ly or  collectively do not disclose the  present invention. 

, 
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One approach to  produce ceramic honeycomb st ructures is to  

ex t rude ceramic forms having t h e  following shapes: 

( X I  
and 

( Y )  
The two 

port ions 

shapes are layered one on  top  o f  the  other so that  t he  f l a t  

are mated and a regular honeycomb s t ruc tu re  is  obtained. 

These points o f  junc ture  are then ei ther adhered t o  each other us ing  

ceramic adhesive o r  are fused together us ing  deposition or  simply 

us ing elevated temperature. The honeycomb has hexazonal solid sides 

and hexagon-shaped openings therebetween. Th is  method is long , 
involved , requi res extensive hand labor and is expensive. 

Previous attempts to  produce ceramic-ceramic honeycomb struc- 

tu res  by deposition have used porous substrates w i t h  uneven pore 

size distr ibut ions.  These configurations have caused slow deposition 

rates and also pore blockage reducing penetrat ion o f  the  ceramic in to  

the  substrate. It is  therefore desirable to  develop a method to 

produce ceramic honeycomb based materials which have increased 

s t ruc tu re  stabi l i ty, improved physical propert ies , l ighter weight 

properties, be t te r  high temperature l imits (e.g. , between about 700 to  

1,800OC) and the  like. 

It is  an object o f  t he  present invent ion to  prov ide a process and 

art icles thereof wherein an organic, inorganic o r  metallic fabr ic made 

rigid in an organic binder or a n  organic fabr ic and an inorganic 

b inder  is used as a honeycomb form for  the  chemical vapor deposi- 

tion/chemicaI vapor inf i l t rat ion/deposit ion o f  a ceramic material to  

produce the  corresponding ceramic honeycomb. 

It is an object o f  t he  present invent ion to prov ide a process to 

obtain a ceramic coated pyrolyzed organic polymer / fabr ic  honeycomb 

structure.  

It i s  another object o f  the  present invent ion t o  prov ide a process 

to  obtain a ceramic honeycomb wherein the  carbon-based fabr ic/binder 

honeycomb internal  s t ruc tu re  has been removed 

It is s t i l l  another object o f  t he  present invention t o  prov ide a 

process t o  obtain a ceramic object which is formed by f i r s t  depositing 
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ceramic in al l  o f  the  holes o f  the honeycomb fabric and o r  b inder  

s t ruc tu re  le f t  by pyro lyz ing and removing the  organic components. 

It is s t i l l  another object to provide a process to  obtain a ceramic 

object formed when the ceramic is deposited upon the  degradable 

5 honeycomb st ructure,  the  honeycomb s t ruc tu re  is removed and the  

voids created by removal are filled w i th  more ceramic material. 

SUMMARY OF THE INVENTION 

The present invention relates to  a method fo r  the manufacture of 

a ceramic honeycomb st ructure,  which process comprises: 

1 0  (a) obtaining a loosely woven fabr ic  in a binder wherein the  

fabric consists essentially o f  metallic, ceramic o r  organic f ibers and 

the  binder consists essentially o f  an organic o r  inorganic material, 

w i th  the  proviso tha t  when the f ibers  are ceramic o r  metallic t he  

binder i s  no t  an inorganic material, wherein the  fabr ic /b inder  has and 

15  retains a substantially honeycomb shape; 

(b) substantially evenly depositing a t  least one layer o f  a 

ceramic on the  fabr ic  binder o f  step (a); and 

(c )  recovering the  ceramic coated honeycomb st ructure.  
In another aspect, the  present invention relates to  a method fo r  

20 t he  manufacture o f  a light weight ceramic-ceramic composite 

honeycomb st ructure,  which process comprises: 

pyro lyz ing a loosely woven fabr ic  having a honeycomb shape 

and exhib i t ing a high char y ie ld  and geometric i n teg r i t y  a f te r  

pyro lys is  a t  between about 700 and l,lOO°C; 

25 (b) substantially evenly depositing a t  least one layer o f  a 

ceramic material on the  pyrolyzed fabr ic  o f  step (a); and 

(a) 

(c)  
In another aspect, t he  present invention discloses af ter  s tep 

(c) : 
a step ( d )  wherein the pyrolyzed fabr ic  o f  the  s t ruc tu re  o f  step 

(c) i s  slowly removed by pyrolysis/oxidation a t  between 500 and 

1000°C, e.g. by using between about a 2 t o  5% by volume oxygen 

atmosphere. 

The present invention also comprises, in accordance wi th  the  

35 objects and purposes described herein, t he  articles o f  manufacture 

comprising the degradable honeycomb form and the ceramic material, 

recovering the coated ceramic honeycomb st ructure.  

30 
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the  ceramic art ic le when the  honeycomb form has been removed, and 

the  ceramic ar t ic le  where the  volume o f  t he  ceramic a r t i c le  which 

original ly contained the  degradable honeycomb form are f i l led w i th  a 

ceramic material. 

BRIEF DESCRIPTION OF THE DRAWINGS 
~ 

Figure 1 is a schematic o f  the  chemical vapor deposition/chemical 

Figure 2 is an  isometric view o f  t he  loosely-woven fabr ic  in a 

Figure 3 i s  an isometric view o f  t he  honeycomb fabr ic  a f te r  an 

Figure 4 i s  a cross section of the  honeycomb s t ruc tu re  o f  F igure 

F igure 5 i s  an isometric cutaway view o f  t he  honeycomb compo- 

F igure 6 i s  an  isometric cu t  away view o f  t he  composite af ter  

F igure 7 is a cross section o f  Figure 6 along l ine 7-7 showing 

F igure 8 is a monolithic s t ruc tu re  where al l  o f  space the  

vapor in f i l t ra t ion used to prepare the  ceramic honeycomb. 

honeycomb shape. 

in i t ia l  deposition. 

3 along 4-4. 

site. 

removal o f  the  organic honeycomb structure. 

t ha t  t he  organic honeycomb material has been removed, 

honeycomb s t ruc tu re  has been filled by ceramic deposits. 
DETAILED DESCRIPTION OF THE 

INVENTION AND PREFERRED EMBODIMENTS 

As used herein : 

ttCeramic-ceramictt describes a s t ruc tu re  wherein one ceramic i s  

deposited in any  manner upon a second ceramic material. Additional 

layers o f  ceramic ( the same or d i f ferent )  may also be  subsequently 

deposited . 
ItMetaIliclt re fers  to a metallic fabric having useful high tempera- 

t u r e  properties. Typical metallic fabrics include titanium, nickel, o r  

stainless steel. 

tfOrganictl f ibers  o r  fabric includes, fo r  example, aramids, 

Nomexa (polyamide), Kevlara, carbon, and the  l ike. The organic 

fibers o r  fabric have properties tha t  they maintain the i r  shape a t  

temperatures o f  between about ambient temperature and 1 ,3OO0C, and 

when heated in an oxygen free atmosphere do  not  sag o r  deform 
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appreciably and produce a high char yield. Typical carbon fibers a re  
disclosed in "High Performance Composites" by J .  Davis in 
Kirk-Othmer : Encyclopedia of Chemical Technology, 3rd Edition, 
Supplement Volume, New York, John Wiley and Sons, published in 
1984 and U.S. Patent No. 4,526,925 (PSP), both of which a re  
incorporated herein by reference. 

llInorganicll fibers or  fabrics refers, .for example, to fiberglass, 
alumina borosilicate, silica, silicon carbide, silicon nitride, silicon 
boride, boron nitride, boron carbide and the like. Alumina 
borosilicate fabrics a re  available from Hexcel Corporation of Dublin , 
California. 

I10rganic" binder refers,  for example, to resins to maintain the 
structural integrity of the honeycomb shape. Organic binder refers,  
for example, to phenol resins, epoxy resins, polyimide resins, 
polyphenylene sulfide, polybenzimidazole, polystrylpyridine (PSP) , 
and the like. 

llInorganicll binder, refers to inorganic materials which a re  
useful to retain t h e  structural integrity of the honeycomb shape. 
Inorganic binder refers to, for example, silica, titania, alumina, 
zirconia, and t h e  like. 

Chemical vapor infiltrationlchemical vapor deposition processes 
(CVllCVD) for ceramics are  known and described in ,  for instance: 
A. J .  Caputo, e t  al . Ceramic Engineering and Science Proceedings, 
Vol. 5 ,  JulylAugust 1984, pp. 654-667. D.P. Stinton, et al., 
'!Synthesis of Fiber-Reinforced S i c  Composites by Chemical Vapor 
Infiltration , llPreprint-American Ceramic Society Bulletin, February 
1986, and D.P. Stinton e t  at., "Simultaneous Chemical Vapor Deposi- 
tion of SiC-Dispersed Phase Composites", Proceedings of the Ninth 
Annual Conference on Composites and Advanced Ceramic Materials, 
Cocoa Beach, Florida, January 20-23, 1980, all of which are  incor- 
porated herein by reference. 

Referring then  to Figures 1-8, the broadest embodiment of the 
present invention may be described by starting wi th  a loosely woven 
fabric 20 in Figure 2 made up of metallic, organic or inorganic fiber. 

35 The fabric is formed in a general honeycomb shape. Preferably, the 
fabric is set  in an organic or inorganic binder which is useful to 
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maintain the honeycomb shape, The honeycomb form may be 

fabr ic /b inder  o f  organiclceramic ( i  .e. inorganic), organiclorganic, 

metal l ic lorganic , o r  inorganiclorganic. 

The honeycomb s t ruc tu re  20 is then placed in reactor 9 as shown 

The process for  deposition is described below. 

Thus it is  possible t o  obtain in a honeycomb shape: 

a metallic fabr ic coated wi th  ceramic, e.g. , a titanium-silicon 

in Figure 1. 

carbide coated honeycomb; 

alumina from a sol gel; o r  

coated wi th  alumina. 

an organic fabr ic coated w i t h  ceramic, e.g., NOMEX coated w i th  

a pyrolyzed organic fabric coated w i t h  ceramic, e.g., carbon 

A preferred embodiment is a pyrolyzed organic honeycomb form 

upon which is deposited a ceramic. 

Referr ing t o  Figures 1-8, the loosely woven fabr ic 20 is shown 

in Figure 2. The fabric is formed o f  any number o f  suitable reactive 

organic polymers which can be woven so long as the  polymeric f iber  

generates a high char y ie ld  on init ial pyro lys is  and is then capable o f  

being removed by subsequent pyro lys is  o r  chemical degradation. 

Typical  organic polymers include aramid , Nomexa, Nomexlphenolic, 

polyacryloni t r i le (PAN) o r  epoxy polymer. A pre fer red  polymer f iber 

i s  polyacrylonitr i le. The loosely woven organic polymer fabr ic woven 

in the desired honeycomb shaped fabr ic  is available from, o r  can be 

woven by the Hexcel Corporation o f  Dublin, Cali fornia 94566. The 

25 organic fabric usually has an organic resin o r  binder to  maintain the 

honeycomb shape until the  organic f iber  (and b inder)  i s  pyrolyzed. 

Typical  organic binder resins include, for  example, phenols , epoxys, 

silicones, polyimides, and the  like. A prefer red polymeric b inder  is  a 

phenolic resin. 
The honeycomb s t ruc tu re  20 i s  then placed in reactor 9 as shown 

in Figure 1. Argon enters via value 2A, fluorometer 2B and l ine 2 

th rough carburetor 1 containing ceramic precursor material and ex i ts  

th rough line 3.  Liquid precursors for  the  ceramic deposit in 

carburetor 1 include, for example trichloromethylsilane, dimethyl 

35 dichlorisi lane and the  l ike. Trichloromethylsilane is  p re fe r red  to  

produce silicon carbide (Sic) .  A mixture o f  boron tr ichlor ide,  

30 
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duce silicon 

boride. A mixture of ammonia and silicon tetrachloride are prefer red 

t o  produce silicon ni t r ide.  A mixture o f  ammonia and boron 

t r ich lor ide is  prefer red to  produce boron ni t r ide.  

Addit ional argon is controlled by valve 5, flowmeter 5A and 

enters l ine 8 via l ine SB, optional gas enters l ine 8 control led by 

valve 6 and flowmeter 6A via line 6 6  and hydrogen may enter l ine 8, 

v ia l ine 7B control led by valve 7 and flowmeter 7A. These gases mix 

in l ine 8 and enter reactor 9. Reactor 9 is  a conventional ceramic 

deposition chamber and is  heated between about 700 and l,lOO°C, 

preferably  between about 800 and l,lOO°C. Products are removed via 

l ine 9A pass th rough condensor 10 th rough l ine 11 to  scrubber 12. 

A f te r  the gases are scrubbed they are conveyed th rough line 13 to  

f i l te r  14 and in to l ine 15. Vent gas is  introduced via l ine 16A, 

control led by needle valve 16 into 17. Needle valve 18 controls the  

flow o f  gas to  vacuum pump 19. The gases are then vented to  the  

atmosphere. 

In reactor 9 the pre-ceramic material, e.g., trichloromethylsilane 

i s  thermally decomRosed at  between about 900 and l,lOO°C and the  

SIC produced is  deposited fairly evenly on the  loosely woven 

honeycomb fabr ic/binder as is shown by s t ruc tu re  30 in Figure 3 .  
Usually between about a 100% to 300% by weight increase is prefer red 

fo r  the coated honeycomb st ructure 30, when the substrate is to be 

removed. If a large deposit (greater than 300% by weight)  o f  ceramic 

material is  in i t ia l ly  made before the pyrolyzed fabr ic 21 is removed, 

the subsequent removal of the  pyrolyzed fabr ic is usual ly incomplete. 

Large deposits cause the s t ructure to  become too d i f f i cu l t  for  the  

oxygen to penetrate t o  remove the pyrolyzed fabric. 

Figure 4 is a cross-section of s t ruc ture  30 along l ine 4-4 o f  

F igure 30.  It shows 'honeycomb 21 wi th in  ceramic coating 30. The 

ceramic layer shown in phantom outl ine 41 indicates tha t  an additional 

layer o f  ceramic optionally is deposited. Th is  additional layer o f  

ceramic 41 may be the same or a d i f fe ren t  ceramic than was or ig inal ly 

deposited and found in st ructure 30. 
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Figure 5 shows in breakaway view the  honeycomb s t ruc tu re  o f  

F igure 3 in which al l  o f  the  honeycomb cells are f i l led w i th  ceramic 

deposit - a solid honeycomb 50. 

F igure 6 shows the honeycomb s t ruc tu re  30 of Figure 3 in which 

5 s t ruc tu re  30 is  pyrolyzed a t  between about 700 and l,OOO°C in an  

rest r ic ted atmosphere having between about 2 t o  5% oxygen by vol- 

ume. The organic polymer fabric 20 is degraded and leaves a micro- 

s t ruc tu re  (opening, voids), but retains i t s  geometric i n teg r i t y  hav ing  

a porous s t ruc tu re  fo r  subsequent deposition o f  ceramic. The 

10 pyro lys is  must be  conducted (e.g., about 1 to  5 hrs.) so tha t  no 

excessive exotherm occurs in a restr icted oxygen environment. If an 

excess of oxygen is present, the carbon material present may burn a t  

a temperature high enough to oxidize the  ceramic, e.g., S i c  o r  B4C 

o f  the  ceramic, and destroy the  desired honeycomb st ructure.  

Figure 7 shows a cross-section 70 o f  s t ruc tu re  60 along l ine 7-7. 
Openings 71 show the voids left  in the ceramic when the  honeycomb 

f iber  i s  removed. 

Figure 8 shows s t ruc tu re  80 as a monolithic s t ruc tu re  wherein al l  

o f  the  voids le f t  by pyro lyz ing the fabric have been f i l led in wi th  

These former voids are shown in phantom l ine 81. 

Fur ther  the  honeycomb cells have been f i l led completely by the  de- 

posited ceramic. A ceramic s t ructure such as 80 has enhanced phys- 
ical propert ies such as low convective and radiat ive heat t rans fer  and 

high interlaminor shear in comparison to  a similar s t ruc tu re  which is  

A more detailed description o f  t he  formation of a organic 

honeycomb/ceramic s t ruc tu re  is given betow. 

A conventional chemical vapor deposition reactor is used to  

deposit refactory materials on substrates, such as honeycomb, see S. 

30 Motozima e t  al., in Bullet in o f  the  Chemical Science o f  Japan, Vol. 

48(5), pp. 1,463-1,466, published in 1975, which is incorporated 

here in by reference fo r  t he  design o f  a chemical vapor deposition 

reactor. When the BCl3, SiCI4 and H2 are replaced by the  

appropriate precursors, the  corresponding ceramics, such as silicon 

35 carbide, silicon nitr ide, boron n i t r i de  and the  l i ke  are deposited. 

Th is  reactor consists o f  a mullite tube w i th  a heated reaction chamber 

15 

20 additional ceramic. 

25 an  open st ructure.  
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about 2.28 cm I.D. and 30.48 cm long. The reactor is heated in a 

resistance furnace in the temperature range o f  900 to 1,300°C and 

held a t  pressures from 50 t o  760 mm mercury. Reactant gases are  

mixed w i th  an  i ne r t  car r ie r  gas such as argon to obtain d i f fe ren t  

5 concentrations. Various substrates in honeycomb form are  suspended 

in the  reactor tube fo r  deposition. In the  experimental procedure the  

substrate is heated-at a programmed heating ra te  in an ine r t  gas until 

a set temperature is  obtained o r  suitable char red  substrate was 

produced. A t  t h i s  po int  t he  reactive gas is included and continued 

1 0  until the  desired deposition had occurred. 

Honeycomb st ructures wi th  the  deposit a re  examined w i th  X-ray 

to determine the  composition o f  the  deposit and also oxidized a t  

1 OOO°C to  determine the  concentration o f  re f rac to ry  material. 

The following Examples are intended to  be i l lustrat ive,  and not  

15 t o  be  l imi t ing in any  way. 

EXAMPLE 1 

CVD/CVI OF S i c  

(a) (Organic/organic Honeycomb) The reaction system shown in 

Fig. 1 was used to  obtain a Sic deposit from trichloromethylsilane. 

20 The  substrate was honeycomb material made o f  carbon f iber  (organic) 

coated w i th  phenolic res in  (organic). Honeycomb material was 2.54 

cm thick and cell walls were 0.32 cm. The honeycomb material was 

heated to  275OC a t  50°C/min in argon flowing a t  230.9 cc/min and 

held a t  th is  temperature fo r  5 min followed by continued heating to  

25 950OC. The pressure in the system was 380 mm mercury. A t  th is  

po int  the  silane was added to the argon stream. The concentration o f  

silane was 7.07%. The temperature was increased to  1 ,OOO°C and the 

reactor held a t  th is  temperature fo r  321 min. Honeycomb cells were 

obtained wi th  an optimum yield o f  S i c  o f  loo%, and a total deposit o f  

30 298.2% based on the  char yield of  t he  honeycomb. 

( b )  (Inorganic/Organic) The process described in subpart  (a)  

above is repeated except t h a t  a alumina borosilicate coated w i th  

phenolic res in  i s  used instead of  t he  carbon f iber  coated w i th  phenolic 

resin. Honeycomb cells are obtained w i th  an optimum y ie ld  o f  S i c  o f  

35 about 100% and a total deposit o f  300% based on the  fiberglass in the  

honeycomb. 
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(c) (MetalliclOrganic) The process described in Subpart  (a) 

above is  repeated except that  a titanium fabric coated wi th  a phenolic 

res in  i s  used instead of t he  carbon f iber  coated w i th  a phenolic resin. 

Honeycomb cells are expected to be  obtained w i th  a n  optimum 

S i c  o f  about 100% and a total deposit o f  300% based upon the  

in the honeycomb. 

EXAMPLE 2 

CVD/CVI OF S i c  

(Organic/Organic Honeycomb) A similar procedure was 

described in Example 1 except tha t  the  trichloromethylsilane 

t ra t ion was 9.84% and hydrogen was added to the reaction 

y ie ld  o f  

t i tanium 

used as 

concen- 

system. 

The hydrogen concentration was 24.6%. 

cclmin and the deposition time 110.5 min. 

100% was obtained w i th  a total deposit o f  124.6%. 

The total  flow ra te  was 256.1 

A n  optimum y ie ld  o f  S i c  o f  

EXAMPLE 3 

CVD/CVI OF S i c  

(Inorganic/Organic Honeycomb) A similar procedure was used in 

Example 1 except 6.85% silane was used as the  reactant gas and a 

NEXTEL (alumina borosilicate) /phenolic substrate was used. The  

deposit time was 79.3 min. An optimum y ie ld  of  S i c  o f  100% was 

obtained and 83.6% total deposit. 
EXAMPLE 4 

CVD/CVI OF Sic ,  B,,Si or BN 

(a) (Organic/Organic Honeycomb) A similar procedure as in 

Example 3 was used except the concentration o f  silane was 6.85% and 

the  honeycomb was Nomex/Epoxy 832 wi th  about 0.15 cm wide cell 

walls. The deposition time was 112.1 min. instead o f  27SoC, the  

intermediate temperature in the program w'as 5OOOC. The maximum 

reactor temperature remained 1 , l  OOOC. The optimum S i c  y ie ld  was 

100% and the  total deposit was 238.7%. 

(b) B4Si-- The procedure o f  Example 4 (a) was repeated us ing  

an  equivalent amount of BC13, SiCI4 and H2 instead of silane. The 

corresponding B4Si ceramic is expect to be deposited on  the  

honeycomb substrate. 

(c)  BN-- The procedure o f  Example 4(a) i s  repeated using an 

equivalent amount o f  BC13 and ammonia instead o f  silane. The 
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corresponding BN ceramic is expected t o  be deposited on the  

honeycomb substrate. 
EXAMPLE 5 

CVD/CVI OF S i c  

5 (Organic/Organic Honeycomb) A similar procedure was used in 

Example 1 except the concentration of  silane was 6.04% and the  pres- 

sure 760 mm o f  mercury. The deposition time was 111.9 min. The 

optimum yield o f  S i c  was 89.8% and the  total deposit 95.3%. 

EXAMPLE 6 

1 0  CVDICVI CF S i c  

(Organic/Organic Honeycomb) A similar procedure was used as 

in Example 1 except the  silane used was dichlorodimethylsilane. The 

concentration of silane was 7.07% and the  pressure 760 mm mercury. 

The deposition time was 107.3 min. The optimum yield of SIC was 

15 97.8% and the total deposition 73.1%. 

EXAMPLE 7 

CVDlCVl o f  B,,Si 

( Inorganic/ lnorganic Honeycomb) A similar procedure as is  

found in Example 2 above is used, however the honeycomb used in a 

20 NOMEX having a S ic  binder. The Organic is  oxidized in 4% oxygen 

a t  7OOOC leaving a S ic  structure having honeycomb shaped openings 

and holes in the honeycomb where the  organic had been. Subse- 

quent ly  a B4Si layer is deposited on the honeycomb s t ruc tu re  as is  

described in Example 4(b).  
25 EXAMPLE 8 

REMOVAL OF PYROLYZED ORGANIC HONEYCOMB 

The honeycomb st ructure produced in Example l ( a )  above is 

placed in a chamber at  about 900°C in a 4% oxygen atmosphere for 

2hr. The S ic  honeycomb structure does not have any residue o f  

30 organic honeycomb. 
EXAMPLE 9 i 

DEPOSITION OF CERAMIC INTO THE VOIDS 
~~ 

The honeycomb st ructure produced in Example 7 above is placed 

in the deposi t ion/ inf i I t rat ion chamber as described in Example 1 (a) 

35 above. S i c  i s  deposited in t h e  holes (o r  openings) le f t  by pyro lyz ing 

the  organic material present, us ing the conditions described in 
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Example l ( a )  above. S i c  is deposited in the  voids us ing the  

conditions described in Example l ( a ) .  A solid S i c  honeycomb i s  

obtained. 

While some embodiments of the invent ion have been shown and 

described herein, it wi l l  become apparent to those skil led in the  a r t  

that  various modifications and changes can be made i.n the method to  

produce improved ceramic structures by CVDlCVl  o f  metallic, ceramic 

o r  organic honeycomb structures and the  s t ructures obtained thereby 

without depart ing from the  sp i r i t  and scope o f  the present invention. 

10 All such modifications and changes coming wi th in  the scope of the  

appended claims are intended to be covered thereby. 
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CERAMIC-CERAMIC HONEY COMB 
STRUCTURES AND METHOD THEREOF 

ABSTRACT OF THE INVENTION 

The present invention relates t o  a method for producing ceramic 

5 articles and the articles, the process comprising the  chemical vapor 

deposition (CVD) and/or chemical vapor in f i l t ra t ion (CVI)  o f  a honey- 

comb st ructure,  

Specifically the present invention relates to  a method fo r  the  

production o f  a ceramic honeycomb st ructure,  including: 

1 0  (a) obtaining a loosely woven fabr ic /b inder  wherein the  fabr ic  

consists essentially o f  metallic, ceramic o r  organic f iber  and the  

binder consists essentially o f  an oiganic or inorganic material wherein 

the  fabr ic/binder has and retains a honeycomb shape, wi th  the  

proviso tha t  when the fabric is metallic o r  ceramic the  binder is  

(b) substantial ly evenly depositing a t  least one layer of a 

(c) 
In another aspect, t h e  present invent ion relates to a method fo r  

20 the  manufacture o f  a l ightweight ceramic-ceramic composite honeycomb 

structure,  which process comprises: 

(d) pyro lyz ing a loosely woven fabr ic  a honeycomb shaped and 

having a high char y ie ld and geometric in tegr i t y  after pyro lys is  a t  

between about 700 and l,lOO°C; 

(e) substantial ly evenly depositing a t  least one layer o f  ceramic 

material on the  pyrolyzed fabric o f  step (a); and 

(f) recovering the coated ceramic honeycomb structure.  The 

ceramic articles produced have enhanced physical propert ies and are 

useful in a i rcraf t  and aerospace uses. 

15 organic only; 

ceramic on the  fabr ic/binder o f  step (a); and 

recovering the ceramic coated f iber  honeycomb st ructure.  

25 


